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ABSTRACT

A MODIFIED METHOD FOR THE DETERMINATION OF THE
AZORUBIN-BINDING CAPACITY OF ALBUMIN IN SMALL AMOUNTS OF SERUM

OBJECT

Two ml of sérum or protein solution are needed for the chromato-
graphic <etermination of the azorubin-binding capacity (ABC). of serum
aloumin, In applying this method to studies of the effect of stress on
small laboratory animals it became desirablée to use smaller amounts of
serume In the course of the necessary modifications in the method, certain
features were investigated in order to verify the #alidity of the procedure,

RESULTS - ' ‘

A modified method has been described for the determination of the ABC,
using only 1 ml of serum or protein solution. The experimental conditions
for this procedure have been studied, The new method gives results equally

as valid as those of the previously pubilished procedure which necessitated
larger amounts of serum. (1)

A process for a graded deactivation of anlonotroplc alumlnum ox1de has
béen developed. . B

Attempts to replace the aniénotropic aluminum oxide by synthetic anion
exchangers were unsuccessful. This is believed to be due to the slow dif-
fusiofi of large anions, such as axcrublﬁ, into the solld resins. This -

process influences the degree of retention. Employing anionotropic aluminum

oxide, the anions are mainly adsorbed at the active centers of the surface.
The reterition therefore is mére uniform.

In studies on the competitive reaction between anionotropic aluminum
oxide and albumin for azorubin, a quantitative relationship has been
gstablished between the albumin concentration and the specific ABC values.

The ABC of a serum albumin solution is not influenced by the additicn
of a non-binding protein (gamma globulin).e

_SPeCl$S were Iound %o be differento The ABC values of bpvine serum dlffer

from those of other specieése.

5 =

CONCLUSTONS

The present chromatographic method for a comparative determindtion
of the ABC of serum albumih can be applied to studies on small lsboratory
animals., In the interprétation of the results, the influence of low albumin
céontentrations on the speg¢ific ABC must be considered.

i

i

i)

i e el mu——_—. _..__-_.aa-af-_.~«<.m_, = Eapet e

. » v yow
E-1 {? LN RS
s o RS =

0 0 7

: MR

.

LT BT e

o
N

A e

o . .16%
NG

- &

s
at !



v T N
T G
wo 7 e -
I LR H
Pt Nor i g 1R 1 e

s,
& %’
)

B - e i . 3 " oy | e ——— e ....:.;_.‘._.._._“_.-_— u—;
S~ s e Bl - = - X
) - o
. ol
: . i
i

BECOMMENDATTIONS 3
s g p
4 F
"’he modified me qud ¢an be’ used in determlnlng the specific ABG of ik
- the serum of animals-subjected to various forms of stress as well as experi~ i
- = mental liver’ damageo .

s - ¢
Submitted bys
Ulrich F, Westphal, PhoDO, B:Lochemlst
obanley G, Priest, Biochemist _ :
John F, Stetsg Pfc : ’
: Go.mman_d-v-ng

k-
: 1
: i

. t

. ¢
t

7

. e
i¥3 R
;3 p
R
3 _ E
~ if R
| R

R E‘MM__M___,__N‘___,__Ve:_m.m‘__ L L e i T e e

T TR e e e T S e e s e S TTNA L 0\ -1 L= S L s S



Q MODIFIED METHOD. FOR THE DETERMINATION OF THE _ o
AZORUBIN—BINDING CAPACITY OF ALBUMIN IN SMALL AMOUNTS OF SERUM

I, INTRODUCTION

Previous studies have demonsirated that the capacity of human serum
albumin to bind the anionic dye azorubin is decreased in certain path=
ological conditions (1, 2). The Mazorubin-binding capacity" (ABC) was
determined by a chromatographic method which separates the free dye from
the albumih=bound azorubin by adsorption on anionotropic aluminum oxide.
The procedure can be uséd for sera as well as for other proteln qolutions.

Two ml of serun are neéded for the‘ blank and each run, i.e., a total
of 8 ml are required if the analysis is made in triplicate. For studies
using small laboratory animals it was desirable to reduce the amount of
serum required. A modified procedure which needs only half the amount of
serum has been worked out and is described in the present report. In order
to verify the validity of the modified method, exper:unents have been c¢arried
out. (a) on the fractional distribution of azorubm in the chromatographic ™
filtrate and (b) on the compstitive reactlon between the aluminum oxide and
al'bum:m for agorubins -

<

11, PROCEDURE . AND RESULTS

A. :Purifﬂ_;gatipn of ‘Azor_iib:".-h

The azorubin (Fprmuia I@iéﬁﬁd;in the-chrqma?bgraphic studies was

sags\.a@ 4

Obtained from the Hartman-Leddon Company, rnlladelphla, Pa, (C. I, No. 179).
It was recrystallized once from water made acid to congo red by the addition
of HCL, and three times from an aqueous solution by the addition of 3 to 4
volumés of acetones The dye then was adsorbed onh aluminum oxide in a chrom-
atographic column, eluted with waw‘@r and f:l.nally crystalllzed from a4 water-
, acetone solution,. . .

The ab'-iOrption curve of the purified azorubin, dissolved in A phosphate

at-pH 7.7, showed a maximum at 515 . The original commerc1a1 azo?ubln con=
tained a colorless material to the extent of about. 20% as shown by a comparison

with the extinction coefficients of the purified prepar;atlon,

B. Stud':'i:es‘ on D'e'act:watlon of Anlonotroplc Aluminum Oxide

It was found that an anionotropic aluminum, oxidé prepared accord:.ng
to the previous procedurs (12 from Reagent Aluminum Cxide (Merck and Company,
Ralway, N. J., No« 71707, suitable for chromatographic adsorptlon), showed
gmsater activity than the mate-rn.al used previocusly (1, 2) Possibilities of
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deactivating aniochotropic aluminum oxide weré therefire investigated.
The activity was tested by determining the specific ABC values of human
albumin® solutions (See Sectlon,D)

The anlonotroplc alumlnum oxide was refluxed with distilled water
for various periods of time. In séveral c¢ases a slight decrease of acnlvity
was observed after refluxing for many hours, but this result could not be
obtained with regulerity. A marked lowsring of the anionotropic activity
.was found after boiling in acetate buffer. The use of buffer solutions of
ineéreasing pH resulted in a gradual decrease of the activity (Table 1),

The positions of the red adsorption zohes of agorubin in the chromato- .
graphic columns were practically the same as with the orig1nal anionotropic
adsorbents.

TABLE 1

DEACTIVATION OF ANIONOTROPIC ALUMINUM OXIDE BY
REFLUXING WITH ACETATE BUFFER SOLUTIONS

3 gm of an*onotroplc-Alz (Prep° 6—7-51) were refluxed for 1 hour‘-
with 50 ml of M -acetate buffer, _;
j 20 F
| Test mixture: 1.0 ml 3.08% Human Albumin in Xrebs Buffer (pH 7 8)-
' $ 0. 25 ml 0.5% Azorubin in O, 6% NaCl (pH 7.8) .

i of Acetate Bufﬁbr ’ ABC,Observed E - Specific ABG

| Before Ex-| After Ex- | . {107 Mol Azorubin

.. periment... | periment 1 ng %- per gﬁ Albamin
e e s e - ‘.-# e SRR

(Control) } - } 30.1 | 24 -

wo | 36 | 354 | 28
5.0 | k9 | 396 S |
6.0 | 5.7 1 w69 3480 ]
70 | 58 1 ouse ] 3.9 ‘

‘
i

% e are greatly indebted to Dr, J. T. Edsall and Dr. L. D: Wojeik,
University Laboratory of Physical Chemistyy, Harvard University for kindly
supplying the hwhan albumin and gamma globﬁl;n preparations used in these
studies.
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found that slightly varylng activities may be éncountered, sgven if the
anionotropic adsorbént is prepared from the same starting material,
Various resinous anion éxchangers were tried in &n attempt to find an
- adsorbent of constant activity. The data in Table 2 show that most of ]
the exchangers used adsorb azorubin under the conditions employed. Resins
of comparatively large particle size and high speed of flow (Nos. 5, 10, 12)
did not retain all thé dye used. This is consistent with the concept that
the adsorption of anions by exchangers of this type is governed by the dif-
fusion inte the resin particles (3), the diffusion rate of an anion as large

as azorubin (M. N. = 502) being very small compared to the anions of ordinary
acids,

As may be seen from Table 3 (experlments 1 and 3), some resinous
anion exchangers seemingly can be used in the same manner as anlonotroplc
41203, to separate free and -albumin-bound azorubin. ©Other re31ns, however,
detach the dye completely from the protein ('xperlments 2 and 4}, Evidence
for a true separation of azorubin from albumin is indicated by the finding
that the albumin concentrations in the last part of the filtrate (see
Section D) were about the same in all experiments shown in Table 3,

Experiments 5 to 7 of Table 3 indicate that the degree .of detach-
ing azorubin from albumin depends on the size of the resin particles. The
exchanger Ionac A-293M was ground and separated into 3 fractions according
to particle size. As may be seen from Table 3, the azorubin concentrations
in the last part of the chromatographic flltrate changed with the partlcle
size of the resins,

It appears from these observatlons that the synthetlc anion
exchangers are not sunitable for a chromatographic determination of ABC. Even
if material of uaniform size weré used, the raté of flow would greatly influ=

ence the results because of the compdratlvelv slow diffusion of azorubin
ihto the resin particles.

°

D, A Modified Method for the. Determlnatlon of the Azorubln-Blndlng
Qgpac1tv in Small Amounts. of Serum )

In previocus studiés, 2 ml of serum were needed for one chromato-
graphic run. This amount was changed to 1 ml in the modified procedure,
For greater reliability, the chromatographic analysis is generally done in
triplicateé, or at least in duplicate, and & blank run is made to compensate

for any color of the serum.(hemo lysis) Therefore & total of 3 or 4 ml of
sérum are required.

The chromatographlc tubes employed are about, 20 ci long, have an
inner diaméteér of 5 mm and end inh a 0.5 mm capillary of 2 o 3 em length.
A funnel is seéaled to the upper énd. The columns aré prepared using 500 mg
of anionotropic aluminum oxide suspended in double-distilled water. The.
length of the column is about 25 mm. For each run a mixture of I ml of serum
and 0.25 ml of an azorubin solution {mostly 0.5%) in 0.6% sodium chloride
(pH 7.8) is prepared at. Isast 30 mirutes prior to the analysis, The azorubin
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The reproducxb;llty of the method described in Section D is é :

dependent on the act1v1ty«of the anionotropic aluminum oxide. It was !

PSR

ypu—y

e



o

S ————— ” .
- PR—— o
—_— o = - . o OB S

7 TABIE 2 .
CHROMATOGRAPHIC ADSORPTION OF
~ AZORUBIN BY ANION EXCHANGERS - T e T
Inner diameter of chromatographic tubé used for il experiments. 5 mmo
Azcrubin solution: 1.25 ml of a 50 mg % solution of commercial azoribin
. > (Hartmen-Lédden Cos, Philsdelphia, Pa.) 1n 0+6% NaCl,
pH adjusted to 7.8.
The adsorbents were ground for 3-L minutes in distilled wateér, rinsed 3
times w1th water, and washed into the cﬁromatographlc tube. , 4
‘ ! . |Length | Time of lAdsorp—{Fil-
) ' Ob- | Coloér of | of | Drainage for {tion injtrate
Ne! Anion Exchanger [tained} Column |Column | 1,25 ml _ lmm from}
ffrom | -} mm | Min., | Sees | top |

1 |Deacidite | 1 fparkrea- ~ | 50 | 4 | 0 | 0-5 [color-
1 . : . |orovwn 7 3 : { less

.2 |Tonac a-293M 1 1 |white | 8 {10 § 34 .| 0-2 [Color-

less

3 {Tonac A-300. 1 1 |Yeliow | 52 ji12 | 9 1 o0-1 |Color-
i | { , A 1 I 1less

4 }Permutit 5 + 1. [Yellow ] L5 o1 7 'O-lé-ﬂColor—
: ' 1 ‘ : 3 1 ' {Less

5.hAmberlite IR-45 " | 2 |Yellow [ 52 | ';‘ 15 - 0=52 |Fink
" 1Lot No, 3631 1 . o ' ? 1

¢ |Amberlite IRA-410 | 5  lyeliow t 50 {5 | 25 | 0-3 lcolor-
Llot NOn 35204 : ! ‘ 1 4 © lless

b} S ft 5 e, R R |
u

7 'L ‘Amberlite IIRA-L;OO 13

B A-62h/5 : .'Yeell‘w B DU R | 99 jSolor-

, -] | |less

{ ; o lwith.black. : I f : ] ,1399

£ B I - S R R b o

10 | Duolite A=70 } ‘4‘,_ ;;Eaz‘»‘k red 1 w2 |- | 25 | 0-42 :I:.'Réd

11 |Haleite SAR I 5 lpate yettow | 50 | 1 1 us ] o0-25 |ooter
| | I e

1 fmalcite WBR | 5 [Tellow [ s |- s | ous jrea

13 |Dowex 1 12330-15 i{ 6 |Pale yeltow 53 |8 | 36 -'o-{-3 If:(iolor-a-
| - i | f { o |Ress

*1) The Permutit Co;; New York 18--N;.Yo A) Chamical Process Coo, Redwood Clty, Calo
2) Rohin and Haas Coe, Philadelphia 5, Pa. 5) National Aluminate Corp., Chicago 38, I1l,
3) Eimer and Amend; New York, N. Y. 6) The Dow Chemical Coo, Midland, Mich.
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TABLE 3

CHROMATOGRAPHIC ADSCRPTION OF AZCRUBIN-
ALBUMIN MIXTURES ON ANION EXCHANGERS

K SO

Adsorbents ground and washed 3 times with water.

1.0 ml 4.80% Human ATbumin in:Krebé-BuffEr
(pH 7.8), 4 0.25 ml 0.5% Azorubin.in 0.6%
NaCl (pH 7.8).

Test mixtures:

The test mixture contains 3.84,% albumln, 100 mg % az.orubin.

v %

Average values of duchate or tripllcate runs.

i Exper.
i Noo

Bxchanger No. |

) { Red Zone in
| (See Table 2)

Length of ) Last 0.25 ml of Filtrate
mm from Top -

Column: Conta:med
1n mm mg % Azorub:l.n % ‘Albumin®

' E | 0-34 940 3.6 |
| 6 I 30 :', l0~5' ) 0 /' 3.59 ‘
? 9. | 32 ' 360
' 13 33 354

13,9
0-6 - | 0

03 2%3¢

o~ WVilE W oo

2 coarse| 27 | 349k
30 3.81
31

0-27 654
0480 139.3

2 medfum! ,
6 | 0

7 I 2 fine

1& °O9

33

#* Total nltrogen x 6.25 .

0-3 mm from top dark red zone

]

concéntration ini the imixture should be at least twice as high as the’
az*or’u_bin—binding capacity. For the blank run, 1 ml of serum is mixed with,
0.25 ml of 0.6% sodium chloride. The mixtures are poured onh the columns
immediately after the water {used to wash in the aluminum oxid'e) ceases to
run out of the capillary. The first 1.0 ml of the, filtrate is discarded,

" of the last 0,25 mk (pH-6,1), 2 dilutions (1:20) are made with M phosphate

buffer, pH 7.7 (0,1 ml of the last part of the filtrate plus 15 1e9°ml of
the phosphate buffery., The optical dens;ty is determined gt 515 ma dsing the
Coleman Jr. spectrophotometer and 10" x 75 mn tobes. The 1'29 dilution of -,
the blank is read first against the phosphate buffer in ‘order to have ah
approximate indication of the serum color which mdy be considerabie in hemo~
lyzed blood samples. Tt is then useéd as the blank for the readings of the
test solutions. With sera of low ABG (<10 mg %) only one 1:10 dilution is
made (0.2 ml plus 1.8 ml phosphate buffer). The azorubin concentrations are
read from standard curves prepared as described in Section H. The value
obtained, expressed in mg %, is the #4BC observed® of the serum or the
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protein sélution analyzed.,

For the characterization of Lhe albumin, this

value is divided by the albumin concentratlon, which is determined electro~

phoretically,

This "specific ABC" valué may ‘be expressed in mg per gm

. albumin, or (after dividing by 502, the molecula1~ weight of azorubin) in
. 1075 Mol azorubin per gm albumin,

Table L shows that the ABC values obtained with the prev1ous

. TABLE 1L

and the modified method, using albumin solutions ¢ontaining various con-

. centrations of azorubin, are essentially the samé.
of the method may be seen from Table 5, in which are included all color=
imetric values obtained in an experimental series of rats.

The range of error

ABC VALUES OF ALBUMIN SOLUTIONS
_DETERMINED IN 2 ML AND 1 ML SAMPIES

‘ 4 Azorubin Solutions:

Fraction V, Lot No,

Albumln Solutlons, L% (approximately) bovine serum albumin (Armour,

¢ 1404) in a solution of

low molecular inorganic and organic -conpounds

(see reference (1),

Irl 00‘6% NaCl‘o

2.0 {1,0) ml of the albumin solulion was
of an agorubin solution.

Average values ef several experlments,

Table 10),

mixed with 0.5 {0.25) ml

|
i | mg® . | ABC Observed. FABC Observed. -
f | Azorubin in .Methed° 2,5 ml of mlxture, |Methods 1,25 ml of mixture, |
; ‘Pest Mixture | 10 gm of aricnotropic 41203, [0.5 gm of anionotropic Al203, |
; | Diameter of tubes 8)mm° _ ;Dlamater of tubes 5 mn ¥
z 100 | SR 2.5 g%
L 20 18,0 16.8
1 1O 17.3 17.5
20 15 .8 15.8
: e 97 97
| Average value'} - ) R
A of all 28,9 mg & 18.9 mg %
{Experiments | - |
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TABLE 5 g
REPR@BUCIBILITY OF ABC VALUES i
Optl»al densltles of the two 13 20 dllutions of the Qgcond flltrateso E
: Rat sera, pooled. '
Mixture of 1.0 ml of serum and 0.25 ml of 0, 5% azorabln 1n 0 6%
o7 ‘qodlum chloride. ; T
% | serum | lst Chromatoo Run :anfchypmato¢ Run QBrd.Cprgmapoo 3ug T _
; | wo.] 1st | 2nd | st | 2nda | 1ist | 2nd  [Average
i - | Dilution{Dilution 'Dllution‘Dilution jBilutlon Dilution ! '
: 1 | 0.169 | 0,173 | 0,175 | 071 | 0.263 | 0,165 | 0,169
§ 2 | o0.230 | 0.218 00222 | 0,228 | - | - 1o.205
| | ooz8 | o.au2 | o.mo | 0.2 | o.a1r] o.z3 | o.241
wo | ol | 0.9 | 0. | 0,255 | - | - ] 0.5
i s# | o.217f co211 foziaf 0215 { - | - }o.2m
% &% & 0,139 1 0.hé | 0,137 | 0,137 1 - - ] 0.140 ,é
' L IR T | j : ' ' ' :
! | 7 | om2] om0 | 098 | o215 | c.12| o.218 |o0.25 "
| L g | 0.269-} 0,218 | 0. 263_:_\'0.0'2?68‘ | 0.269 1 0.268 | 0,269
| F &mﬂylmmwd" _ e o K ' o
. B, Fractlonal Distribution of Azarab¢u in the
f Chromatographlc Flltrate
X
5 In earller experlments (1) the last part of the chromatographiec
b filtrate was ¢cllected for the colorimetric analysis, after a homogenous
]  solution of azorubin was apparent in the caplllaryo In order to follow
: qnantltathely the distribution of the dye’ in the filtrate, a Series of
L experlments were done in which the whole filtrate was collected in frac-
L ‘tions of § drops eachg Figure 1 shows the result for two of these runs
i using a chramatographic tube whith delivered 125 drops per 1,25 ml of the :
azorubinmproteln mixture. A comparatlvely"constant value for the optical )
‘ density was obtained with the 16th tube, i.e,, after 0,75 ml had dripped :
‘ Ooff the coiumn For ‘the determination of ABC, thereforé, it was considered ;
‘ besb to digcard the first 1,0 ml, and to use the dast 0.25 ml of the filtrate ’
for the colorlmetrlc detenmlnatlono 1
F. Ev1dence for 4 Competitlon Reaction :
Ses ‘
‘ The chromatographic procedure for the determlnatlon of the ABC Ly
;‘ value of & protein so]ut;pn consists of a compet;tlvg adsorptlon o the ago éj
B dye by the anionotropic aluminum oxide and the protein., This has been 4
| R i
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o o T B o T e, |
\dem0nstrated'previously by a comparative estimgtion-of the ABC value of an f %
§ albumin solution using <different amounts of the adsorbent (1) Additiohal ) E
; ) evidence for the competitive reactic: has been obtained by directly measur=- o
X ing the specific ABC values of the first (1.0 ml) and second (0.25 ml) part ;
. _ of the chromatographic filtrate. Table 6 demonstrates that the amount of
¥ azorubin bound per gram of albumin is markedly lower in the first than in 1
' the second part of the chromatographic filtrate: Some azorubin, therefore, ;
, is being detached from albumin and adsorbed by the aluminum oxide during the !
x chromatographic process. This affects the results as explained in Section G. '
[ B - S ) Lo o
i ‘T&BI-.-E 6 i
% DETACHMENT OF AJORDBIN FBOM ALBUMIN
1 DURING‘THE CdRGMATOGRAPHIC PR@CESS ;
| Test Mlxture° loO ml albumln in oodlum chloride solutlon
} 0025 ml 005% azorubin in 0.6% NaCl. o
| s [6.30% in. | 0,30% in | 4.19% in |
| &flglna;_Albumln olutlon “}0,6% NaCl |0 15 n NaCl 0.15 K NaCL
| Test ?aAlbuminwéoncentraﬁion 1 0.2 0. 2&% 3.35%
E | Mixture R - I P : \ . o
{ : -(1.25 nﬂ) | Azorubin conceritration | 100 mg # | 100 mg % 100 mg %
' I i Albumln conéentration 0,112 | 0,09 ( 2.19%
4;aEi;s%f } - (Kjeldahd) ; C : ' :
; .fFiltnat@‘.1Azorubin'concentration T 0053 mg £ 0.58 mg % 38.2 mg %
z [ @omye] T L O me 2 BOR RS L s |
i; i i specific ABC ' 00‘963510 - lazsx}-o 3014-83{10 I y
; Ao wee L 5o Mol Mol Mol .
. R} ALbumin concent,ratlon o, 21% | 0.19%2 3 22%
E Second {Kjeldahl) - | i 1
i | Piltrate | Agorubih concentration | 2, 02 mg A 2.12mg % - 65 0 mg %
f | €0.25 ml), % ; 5-° L _5
: . ijSpecific ABC i, 96x10" 1 2.22x10 4 s0220°
? , by , - Mol ‘Mol - - Mol 1
P % The flrst flltrate 1ncludes the water retalned 1n the spaces o
- between the alumlnum ox1de particleso
; ) d

vt e

Tnfluemce of Albumin Conecentration oh the Speclflc

ABC Valueso

Influance of Noaninding Proteln

It follows from the experlments on. the compeﬁ;tlve adsorption

e BRI, s e Rt

described im the preceding section that the anionotropic aluminum oxide -
Wwill detach relatively more azorubin from solutions of low albumin concens
tration than from Solutions of high albumih concentration,
ABC value of the second part of the filtrate (0..25 m), therefore, will be

i small with low albumin concentraticns of the test solutions’ '
) learn to what degree this effect influences. the ABC, specific ABC values
were determined in albumin solutions of different concentrations,

The specific

In crder %o
Table 7
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gives the experimental details and the results.,

As may be seen from

Figure 2, the decrease of the specific ABC values was in the range of the
experlmental error of 3% for albumin concentrations down to about 2%.
At aibuiin concentrations of 0.3%, as they may occur in severe.cases of

nephrosis, the specific¢ ABC was found to be about 5
served for "normal® albumin levels,

0%

of the values cb=
In cases of extreme hypoproteinemia,

therefore, a lowering of the specific ABC values can be considered signif-
icant only if the deviationh from normal values is greater than the error

involved in the method, as indicated in Figure 2.
several hundred per cent lower than normal have,been observed in various
pathological cases (2).,

Specific ABC values

In a mixture of azorubin and serum, the

the albumin component (1, 2).

globulin (&) .

TABLE 7

INFLUENCE OF ALBUMIN CONCENTRATION ON SPECIFIC ABC’VALUES
| Solutlons of human albumln (recrystalllzed tw1ce} were prepared in 1
: 0,15 M and 0,6 % sodium chloride, 1.0 ml of the albumin solutions :
i was mixed with 0,25 ml of 0.5% agorubin in 0,6% NaCl. j
z g 7 [Specific| 1
] g;igigii ?ibgé;§> Albumin  § Albumin  |Decrease| mg % ABC in ¢ De- {
4 ' in i in 2nd in " AZGI"ubin 10—5 Mol - crease
P B | Mixture |Filtrate {Albumin | in 2nd | per gm
1-Solvent j,Albumih | (1 25 ml) (o 25 ml)  Concen. | F:thrate | Albumin
lo.xs w0 | z.9 3.35 3.22 | 0.13% 65,0 502 | (0)

NaCl % ‘ , ‘ ‘ .

" T ,270"1-}"0 1092 1080 T 0012 3;508 3°’96 | 1°5
1w ] 1,20 0.96 0.87 | 0409 5.6 | 3.57 |1L.2
o ] 030 0.24 0.9 | o .05 11.8 2.31 | h2.5
| o.6% | 3.87 3.10 2.97 | 0.3 25545 3.72 | (@) |
| NaCL ] : ‘ | ‘ S
| 1 1.93 1.55 Tohdy . ] ©.1L 2546 3e54 | 48
v N ’ Oo97 0678 9670 X Ooos loel ‘ 2088 'V 22°6

" | o.48 0,38 0433 | 0.05 3.9 2,35 || 36.8°
" 0030 @.,21.} 0321 0’603 2o® 4 1090 ’¢ 48\"9
" ,‘ Oo214- | 0,19 0016 1 01003 L.l g 1o37 6302

2

dye is ex01u51vely tound to

This is in accéord with the observations of
Klotz, who ¢ould not find any binding of certain anions to the serum gamma

It was found that the addition of warious amounts of a non-

binding proteln (gamma globulin) to a solution of crystalllne human albumin
did not alter the specific ABG value of ‘the albumlp {see Tabie 8),

ST -

s e

[N o

S
A
S
o
.
3
T
28
i
=
%
)

50

1

2, -

Ogg E& 13

2 e i St st et W Rt bt oo 1

T g S

o e s
PR STl



Lo e s *:-* } o g
i I SN O T S NN A SR N : e Sl
: - N . '
| Y e i e e
‘: . \\ - i ' -

! i I W | ‘

P RN \ | ’

i [ , g

s TSN

. 3.0

} Ix

:

': |

| 4 : ¥

| g i
’: 2 1 {

a2 2.07 f
: <. I i E
5 . i
] ! 1
! f
f. 1.0 |-

1 i
% T | to |
? ) 0050102 05 | 2 5 " 10 20 30 @Q .30 60 70 809N
: "

Fis.2. % DEGRE&SE QF SPECEHC ABC \MTH @ECR@AS%NG %

5

ALBUMIN oomcswmmioms i

. T CVystoHine Humcn Albumin in @ I8 1 Sodoum Chioride. ,
‘ i Crysfalﬂne Human Albumm in 0.6 Soduum Ghioride. 2 :
1! :

] : . ;
A e eI R S e e 2 ey

p——————

\ P

ik bl




TABIE 8

TNFLUENCE OF GAMMA GLOBULIN ON THE
SPECIFIC ABC OF ALBUMIN
. Proteln Preparatienso -Human Albumln, Recrystalllzed
Tw1ce, Human Ganma Globulin ‘
: l ml df ProteimSolution ” O 25 ml of Azorubln I< 'Specn.fic ABC o
—— i Solut ion int 063 |  in 1075 Mol
Containing f In fNaCl Containing ) Azo/gm Albumin
1208 1 Albumin' 001_1'5'_7131 NaCl 'f;5oo ng % Azorubin 1 s 57 A
1.,20% Albumin:, | L ’J o 1 . , ‘
# hs66% gamma | " | I 1 3,58 :
: globulin 1 : I+ . i ~ |
I -oé% Albumin"? Krebs Buffer|500 mg % Azorubin | - 2.55
f . ) pHT.8. % .
i 2. 06% Albumin.;f._ - ‘ & o . .
- 61% gamma:]“‘ e ,iﬁ R ' .+ 250
x globulin : . g . 1

He Calibration Curves for Aaorubin Bound to Albumin
-of ifferent Species

-~
“..

The optical properties of acidic and ba31c dyes may be altered by
combining them with’ proteinso The studies of Klotz (4) hawe shown that the
extinetion coefficzent of several anionic azo. dyes is decreased by the
addition of pure bovine Qerum albundn, _For the estimation of the azorubin .

-coneéntration in the second chromatographic filtrate (see above), it is

therefore mecessary to’ prepare calibration curves using mixtures of the
azorubin with the same protelns for which the ABC values are to be deter-

‘mined. Concentrations of these proteins and azorublns as well as cther

conditions, must be approxlmately the same as in the ac¢tual test procedure.
The solutichs of the albumin preparations and the séra were diluted 435 by
adding % volumc of the azorubi solutlonso These mixturés were diluted
1210 or 1:20 respectively with » phosphaté buffér at pH 7.7, and their
extincétion measured as describe 1n Section D, The calibration curves are
given in Figure 3 and k. As is to be ‘expected, an individual calibration
curve must be used for sera or albumin preparatlons of any species,

Ts ABC Valuc of Bovine Serum

i
e

I

Bovine serum was analyzed ‘for tetal protein, noneprotein nitrogen,
and albumin by the Kjeldahl protedure as modified by Van Slyke and associates
(5)« For separating the globulins from the albumin fraction, the 26.8% Na2S0j

precipitation procedure (6, 7) was used.  Since azorubin has been found to be

bound exclusively to albumin as characterlzed by electrophoresis (l), the
determination of albumin in the bovine serum was doné by electrophoretic
analysis. The serum was dialyggg for 3 days against Michaclis buffer, pH 8.0,
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) Cahbra’clon Curves fer Azorub*n in Solu’c:.ons of. TV o

’ _ I Human and Bovine Serum Albumin

: C Prote:m tRolu‘i’,:’x.oms used for the Callbratlon Curveso

t, - -

Is hol’}% Human Serum Albumin (recrystallized 'bm.ve) in 0 15 H _. Vo i '- I,-.
’ sodium chlorideo . ' : : L
SN ) - % i
IT & JZIIu 4:0% Bov1ne ‘Serum ATbumin (Armour, Fraction V Lst #C e i
. 1404), in'a solution of imorganic and organic Iow =~ - ° . :ojg
_ molecular compounds (see reference (1), Table 10)0 ~ ’ Va1
.- i T o4 ki
% ' : Fo; 'h"xc azorubin solutions, a prepa.ratn_on refined as, o 6
¥ ‘ descrloed in Section A was dissolved in O, 6% sodium chlcmdeo - {
The album;n—azorubn.n mixtures were dilubed 1: 10 (II) or ° )
1320 (I, IIL) withJL phosphate-buffer pH 7.7, The e
colormetric measur%étents were made at - 515 m using the - L
) L Colema,n Jro spectrophotometer and 10 by 75 mm tubes. J3é
o P Colorlmeter blanks, were prepared uslng a.ll co».ponents .
' " ST -rexcept agorubife . = . S ST . .. N e
{ 5 e . 100 ; _J_ ,_4(—:.?- PR TP : ) &5 i -~
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- éélibr&tibﬁg@urvesffbf,Azorﬁbin\in'
" Sera of G, Hety and Rabtt

Procedufexésvdescribéﬂjin\Figure 3.

Sera used for calibration curves:

I & II, Bovine serum obtained from the slaughter house, Louisville,

IIL, Pooled serum of 3 normal rats, average weight, 400 gm,

Average‘of'2Adetérminatign59~ o

. -
13 . -

Ive - Sera of L normal raﬂs, gvénag@ welght 399 gm,
© Average of 9 det@rmin@tions@°°‘ ‘

Vo ' Sera of 4 nermal rabbits,AaVerage weight 2450 gm,
. Average of 8‘determin@tionso : L .

The‘aIbumiQ;azorubini@immures‘werevdilﬁ%ed 1:10 (I, III) or
. 132® (II9 IV95 V)o . Lo :‘: . . o
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, ionie strength 0.1, at 2-3° C The elsc¢trophoretic analysls vas made using
. ’ the "compact™ apparatus of the Peprkin-Elmer Corporation” (8).* The albumin
content was calculated from the average planimetric¢ values of the ascénding

sqpee -

I
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and descending boundaries.

E1L ecLz"ophoret:.c and chemical albumin values were

found to be in good agreement; the specific ABC was calculated uging both

values (Table 9).

. TAHLE 9

ANALYSTS OF BOVINE SERUM

f:Aiﬁumin',

I Mrbumin
: ABC obserted .

i Specific :ABC -

)

| Specific ABC

=

3.56% ?('1;9-«4%)' '

(3.588) L9.7% -

200m.g%

11,3902 Mol

eteaie op | Avepage ¥,
Analysis of crage. - Me.thd-
- 3 ?S:.LS o - ~ Value Experiment e ° -
| Tstal Protein | 7s 20% | | Kyeraam 5
-‘--Nogr-'-Protein 22,8 % | Uranium acetates
- Nitrogen e Kjeldahl (5)

| agocr (6)
{ Kjeldard (5)

Electrophoresis '(.8)":

| ‘Chromatographic
| Hetnod

1 Calculated from
1 chemical albumin

Galculated from
| electrophoretic
§ albumin

I'“f:. .

4

11T,  SUMMARY

1. A modified method has béen described for the determination of the
azorubin-binding capacity (ABC), using only 1 mi of serum o protein solu-
tion, The conditions for this procedure have been investigated, The new
gethod gives the same results as the prévious procedure (l), but has the
advantage qi‘ us:.ng smaller amou.nts of serum.

. @

2., A prOC!"SS for a graded deactivat.ion of anionotropic alum:.num

 oxide has been developeds

o gt

* The electrophortntlc an,alys:Ls wag done by %‘o B, DeArmond of this
Jlabora&; OrYe . ., ==~
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3. Attempts to replace the aniqnotropic aluminum oxide by synthetic
anion exchangers were unsuccessful. This is believed to be due tc the slow
diffusion of large anicns such as azorubin inte the solid resins, This
rrocess influences the degres of retention. Employing anionotropic aluminum

"~ oxide, the anlons are malnly adsorbed at the active centers of the surface.

Lo The compétitive reaction between anlonotroplc alumlnam ox1de and
albumin for azorubin has been further investigated. A quantitative rela-
tionship has been establlshed between the albumin concentration and the
'speclflc ABGC values. , A

‘ 5, ‘TheAABC of a serum albumin soluticﬂ is not influenced by tne addl—
.tion of a ncnabind*ng prdﬁein (gamma globulin)

6. Callbrat1on curves are glven for the determlnation of azorubln

bound to serum albumin of different species,

7. ABC values of bovine serum are presented.,
IV. CONCLUSIONS

The present chromatographic method for a omparative determination of
the ABC of serum albumin can be applied to studies on small laboratory

canimals. In tue interpretation of  the results, the influence of low albumin
ccncentratlons on the specific ABC must be considered.

¥

V. REC@MMENDATTONS

The modlfled method can be used in determlnlng the specific ABC of the
serun of animals subjected to various forms of stress as well as experlmental
llver damage.
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